Litherland has shown that if a knot is (+)-amphicheiral then its m-twist-spin is reversible. We show that, for classical knots, in many cases the converse holds.
Theorem 1. (1) The 2-twist-spin of a rational knot κ is reversible if and only if κ is amphicheiral. (2) If m, p, q are > 1 then the m-twist-spin of the (p, q) torus knot is irreversible. (3) If m ≥ 3 then the m-twist-spin of a hyperbolic knot κ is reversible if and only if κ is (+)-amphicheiral.
Since a rational knot is either hyperbolic or a (2, q) torus knot, we obtain the following corollary.
Corollary 2. If m ≥ 2 then the m-twist-spin of a rational knot κ is reversible if and only if κ is amphicheiral.
The "if" directions in parts (1) and (3) of Theorem 1 are due to Litherland [5] , who shows that the m-twist-spin of a (+)-amphicheiral knot is always reversible.
We work in the PL category. A knot κ (more precisely, an n-knot ) is a locally flat oriented pair ( 
it is (ε)-amphicheiral if it is equivalent to (−S n+2 , εK), ε = ±. Note that if κ is reversible then (+)-and (−)-amphicheirality coincide, and hence, since rational knots are reversible, we can unambiguously use the term amphicheiral in part (1) of Theorem 1 and in Corollary 2. [13] , and the exterior of κ is X = S n+2 − N (K). Recall that κ is fibered if X is a fiber bundle over S 1 ; the fiber is
where M is a closed, connected, orientable (n + 1)-manifold and B is an (n + 1)-ball in M , and X is homeomorphic to the identification space
, for some orientation preserving homeomorphism f : M 0 → M 0 , the monodromy of the bundle. The observation that lies behind Theorem 1 is the following, the first part of which is due to Ruberman [10] . 
Proof of Theorem 1
(1) If κ p/q is the rational knot associated with the rational number p/q, then the 2-fold branched covering of κ p/q is the lens space L(p, q). Hence Proposition 3 implies that if the 2-twist-spin κ p,q is irreversible. (3) If κ is the figure eight knot then κ is (+)-amphicheiral, and hence κ (m) is reversible [5] , so the theorem holds in this case. If κ is a hyperbolic knot other than the figure eight knot, and m ≥ 3, then the m-fold branched cyclic covering M of κ is hyperbolic, and the canonical covering translation f : M → M is an isometry [2] , [3] . LetK be the (geodesic) fixed point set of f , and let N be a tubular neighborhood ofK, consisting of all points of M within some sufficiently small distance ofK. Note that N can be parametrized as homotopy equivalence given by Proposition 3. By [6] , g γ, where γ is an isometry.
Since f γf γ, we have, again by [6] , that f γf = γ. It follows that case (i) must hold. Since f γf = γ, γ induces an orientation reversing homeomorphism h : S 3 → S 3 , such that h(K) = K and h|K is orientation preserving. Thus κ is (+)-amphicheiral. As noted above, the converse is proved in [5] .
Proof of Proposition 3
The first part of the statement is due to Ruberman [10] ; we include a proof for completeness. Let X be the exterior of κ, so we have X M 0 × I/f . Suppose that κ is reversible. Then we have an orientation preserving homeomorphism h : S n+2 → S n+2 such that h(K) = K and h|K is orientation reversing. By an isotopy we may assume that h(N (K)) = N (K), and that, under the homeomorphism
is some orientation reversing homeomorphism, and β : D 2 → D 2 is given by β(r, θ) = (r, −θ). Lifting the restriction h|X to the infinite cyclic covering of X, we get an orientation preserving homeomorphismh :
Let M 0 =h(M 0 ×{0}), and choose t ∈ R, t > 0, so that M 0 ×{t} is disjoint from 
